Nutritional and environmental conditions of the xylose utilizing yeast Candida tropicalis were optimized on a shake-flask scale using a statistical factorial design to maximize the production of xylitol. Effects of the three growth medium components (rice bran, ammonium sulfate and xylose) on the xylitol production were studied, each at three different levels and the highest xylose to xylitol conversion ratio (57.2%) was achieved on using 20 gl -1 of xylose, 15 gl -1 of rice bran and 1 gl -1 of ammonium sulfate. By maintaining the pH of the growth medium at 5.5 using citrate buffer, the xylose to xylitol conversion ratio was greatly enhanced (93.75%) over the use of or unbuffered growth medium and phosphate buffered (88.3 and 83.8%).The least aeration rate was simulated by 40 ml of the growth medium at 250 ml -1 . Erlenmeyer flasks result in maximum xylose to xylitol conversion ratio (98%), by using 25 gl -1 of xylose, while maximum xylitol production (36.25 gl -1 ) with a conversion ratio of 72.5% was achieved by using 50 gl -1 of xylose.
INTRODUCTION
Xylitol is a naturally occurring sugar alcohol with a similar sweetening power to sucrose (Makinen, 2000) . Due to its unique pharmacological properties, world wide de-mand is ever increasing (Emidi, 1978; Makinen, 2000b) . Xylitol (C 5 H 12 O 5 ) stands out from other polyols in preventing dental caries (Biswas and Vashishtha, 1998) . Xylitol is also an advantageous sucrose substitute for people suffering from diabetes, obesity and glucose 6-P dehydrogenase deficiency (Grenby and Colley, 1993; Parajo et al., 1998) . Xylitol can also be used to prevent middle ear infections in young children (Uhari et al., 1998) .
The development of an economic fermentative process for xylitol production involves the selection of yeast strains with high productivity, establishment of conditions that maximize the conversion of xylose into xylitol and optimization of these parameters for scaling up process . In the conventional production optimi-*Corresponding author. E-mail: ashraffarage@yahoo.com. Tel: +20101648762. Fax: +2 0482601266-8. zation procedures, one parameter is altered at a time, while keeping the other parameters constant; this was to understand the impact of that particular parameter. Factorial designs have been employed for the optimization of the fermentative process because they offer the possibility of studying several variables with a reduced number of experiments (Rodrigues et al., 1998) . For this reason, statistical procedures have advantages over convential methodologies in predicting the accurate results basically due to utilization of fundamental principles of statistics, randomization, replication and duplication (Sreenivas et al., 2004) .
For the economical production of xylitol, the initial concentration of xylose should be as high as possible. Aeration also plays an important role in the bioconversion of xylose to xylitol by yeasts (Walther et al., 2001 ) where a high degree of aeration promotes cell growth, while being detrimental to xylitol accumulation.
Optimum pH for xylitol production by Candida sp. was generally ranged from 2.5 to 5.8 . The pH alteration probably affects the growth by influencing the activity of the permeases present in the cytoplasmic membrane or of the enzymes associated to the cellular wall, which tend to coagulate and to precipitate under their isoelectric points (Kampen, 1997) . As the gap between the extracellular and the intracellular pH values widens, greater stress is placed on the cells and more energy is expected to maintain the intracellular pH within the range that permits growth and survival of the yeast (Thomas et al., 2002) .
Three experiments were designed and carried out to investigate: Firstly, the influence of changing concentrations of the three components of the growth medium (xylose, rice bran and ammonium sulfate); secondly, the influence of maintaining the pH of the growth medium at different values using two buffer systems; thirdly, the influence of aeration rate accompanied by using high xylose concentrations on the conversion of xylose into xylitol by Candida tropicalis.
MATERIALS AND METHODS

Microorganism
A xylose utilizing yeast was isolated from an Egyptian cultivated soil (Kaliobia governorate) and identified according to the conventional yeast identification methods based on its morphological and fermentation characteristics as well as its assimilation of different carbon, nitrogen sources ( using nitrogen base and carbon base media) and vitamins according to Lodder (1971) , Ahearn (1974 Ahearn ( , 1978 and Barnett et al . (2000) .
Preparation of Inoculum
The yeast isolate was grown and sub cultured on a modified Wickerham ' s agar medium composed of (g l -1 ): malt extract, 3.0; yeast extract, 3.0; peptone, 5.0; agar, 20 and xylose, 10.0 (pH was adjusted at 5.5 ± 0.1) for 24 h at 30°C.
Inoculum was prepared by transferring a loopful of a four days old yeast culture, which was grown on a modified Wickerham ' s agar slant into 25 ml of preculture medium with the following composition (g l -1 ): D-xylose, 25; (NH4)2 SO4, 2.0; CaCl2.2H2O, 0.1 and rice bran, 15 (pH was adjusted at 6.0 ± 0.2) in a 250 ml Erlenmeyer flask plugged with cotton-cloth sandwich and incubated in an orbital shaking incubator at 100 rpm for 24 h at 30°C. The resultant growth was centrifuged, washed with sterile saline, recentrifuged and then, resuspended in a sterile growth medium to get optical density value of 0.3 at 660 nm. 10% was taken as inoculum volume for the fermentation medium, which has the same composition of the preculture medium.
Experimental design
A complete factorial design was chosen to do this study and the statistical analysis was carried out using statistical analysis system, SAS user`s guide (2006). Duncan's multiple range tests were applied to classify the mean values as groups.
In the first experiment, effects of changing concentrations of the three components of the fermentation medium (xylose, rice bran and ammonium sulfate) on the xylitol production were examined after 72 h, each at three concentration levels (Table 2 ). In the second experiment, the effects of maintaining pH at different values (5.0, 5.5 and 6.0) using two different buffer systems (Phosphate and Citrate ) on the xylitol production was studied by using a growth medium having the following composition; (gl -1 ), Dxylose, 20; (NH4)2 SO4, 1.0; CaCl2.2H2O, 0.1 and rice bran, 15. In the third experiment, the effects of different aeration rates (simulated by different volumes of the growth medium 20, 30 and 40 ml, each in 250 ml Erlenmeyer flasks) in combination with the increment of the xylose concentrations from 25 up to 200 gl -1 was studied (Table 8) , while the pH of the growth media was adjusted at 5.5. Cultures were grown aerobically under submerged conditions in 250 ml Erlenmeyer flasks containing the experimental designed media. All experiments were carried out on an orbital shaking incubator at 30°C and agitated at 200 rpm.
Analytical methods
Xylose and xylitol concentrations were measured by the methods of Trinder (1975) and Sanchez (1998) , respectively. Cell concentration was determined by measuring the optical density at 660 nm.
RESULTS AND DISCUSSION
Yeast identification
The yeast isolate was identified as C. tropicalis according to the standard methods for complete yeast identification. Morphologically, white to creamy colonies were raised and reproduce vegetatively by budding elaborating well developed pseudohyphae with blastoconidia in dalmau plate cultures on corn meal agar with no sexual reproduction (Table 1 and Figure 1 ).
Xylitol production
Effect of alteration in the growth medium components concentrations
The growth medium experiment is a 3 3 incomplete factorial design with three replicates. Xylitol, the main product of the xylose bioconversion by C. tropicalis was produced under the prescribed conditions with varying concentrations between 10.42 and 11.93 gl -1 (Table 2 ). On considering the average effects and the analysis of variances (ANOVA) of the independent variables (xylose and rice bran concentrations), each of them showed a "P" value less than 0.0001 indicating a highly significant response towards the xylitol production (Table 3 ). For the ammonium sulfate, a significant response was obtained with a "P" value of 0.0045.
On considering the average effects of the factors interactions and the analysis of variances (ANOVA) of the "rice bran x ammonium sulfate" and "xylose x rice bran" interactions, both of them showed a "P" value less than 0.0001, indicating a highly significant responses. For the "xylose x ammonium", sulfate interaction, a non significant response was obtained with a "P" value of 0.1084.
Generally, by increasing the initial xylose concentration, the mean value of the xylitol content was increased significantly, while the xylose to xylitol bioconversion ratios were greatly decreased (Table 4) . For the ammonium sulfate (Table 4 ) a non significant difference 
Carbon assimilation
Carbon fermentation Vitamin was found by using the three chosen concentrations (1, 2 and 3 gl -1
). A non significant difference of the xylitol mean value was also found on using 10 and 15 gl -1 of rice bran, while 5 g/l gave a lower mean value with a significant difference (Table 4) .
On studying the "rice bran x ammonium sulfate" interactions (Table 4) , it was found that at rice bran concentration of 10 and 15 gl -1 and by increasing the ammonium sulfate concentration, the xylitol mean value was decreased gradually. On using the rice bran at concentration of 5 gl -1 and by increasing the ammonium sulfate concentration, an increase in the xylitol contents pH initial was adjusted at 6.0 ± 0.2, xylitol concentration was estimated after 72 h of incubation. was observed. In conclusion, the effect of the ammonium sulfate on the xylitol production was greatly affected by its combination with the rice bran, whereas, the effect of the rice bran on the xylitol production was not influenced by its combination with the effect of the ammonium sulfate. On studying the effect of "xylose x rice bran" interactions (Table 4) , it was found that the general effect of the rice bran was not influenced by changing the xylose concentrations, whereas, the general effect of the xylose was greatly reduced on using 5 gl -1 of rice bran with 30 gl -1 of xylose. So, it can be concluded that changing of the growth medium composition led to an increment of the xylitol production and the optimum composition could be ) was achieved after 72 h using a growth medium buffered by citrate at pH 5.5 (Table 5) . Rodrigues et al. (2003) studied the effect of different pH values (3.5, 5.5 and 7.5) on Candida guilliermendii FTI 20037 and found that the maximum values of xylitol volumetric productivity and xylose volumetric consumption were attained at pH 5.5. Abdel-Aziz et al., 2005) showed that, the optimum value of the initial pH depends on the employed type of yeast, where xylitol production was enhanced at pH 5.5 for C. tropicalis, Debaromyces hansenii and C. guilliermendii, while the production enhanced at pH 4.5 for Candida shehatae. These results are in accordance with that obtained from this work, where the pH value of 5.5 was the optimum for xylitol production. The final pH was decreased by a mean value (ΔpH) of 2.813 for the unbuffered medium, by 0.716 for the phosphate buffered medium and finally, by 0.412 for the citrate buffered medium (Table 5) . A direct correlation was found between the xylitol production and the decrease in pH values where it was increased by decreasing ΔpH values. This decrease in pH values was also reported by Silva et al. (1998) in fermentation medium without pH control and by Abdel-Aziz et al. (2005) , where they found a decrease in the pH values by about 2 to 4° in the case of C. shehatae under unbuffered growth conditions. Sanchez et al. (1997) reported that, the pH of the fermentation medium determines the metabolic activity of the cell, thus, a modification in the pH might cause some micronutrients to precipitate and so become unavailable for assimilation. Raising the external pH closer to the intracellular pH places less stress on cells and less energy is wasted in maintaining the internal pH within a range optimal for growth (Thomas et al., 2002) Average effects and the analysis of variances (ANOVA) of using different buffer systems, pH values, incubation times and their interactions, all showed a "P" value of less than 0.0001, indicating a highly significant response (Table 6 ). The highest xylitol content was obtained on using citrate buffer, followed by phosphate buffered and finally, by unbuffered growth media with a significant difference ( Table 7) . Effect of the incubation periods was also studied and the highest xylitol content was obtained after 72 h followed by 96 h and finally after 48 h with a Initial xylose concentration=20 g/l.
significant difference. On studying the combined effects of using "different buffer systems × different pH values" (Table 7) , it was found that the citrate buffer at pH value of 6.0 gave the highest xylitol content followed by that obtained at pH 5.5 with no significant difference. The xylitol contents of the medium buffered at pH 6.0 were decreased by extending the incubation time for 96 h (Table 7 ). This could be attributed to the conversion of xylitol into xylulose by xylitol dehydrogenase (Ikeuchi et al., 1999) . Incubation period of 72 h, favored the pH 5.5 over pH 6.0 with no significant difference.
On studying the combined effects of the "buffer systems × incubation periods" (Table 7) , citrate buffer gave the highest xylitol contents after 72 h followed by 96 and 48 h and the same effects were also noticed on using phosphate buffered and unbuffered media. These results indicated the favored effect of the buffer types over the incubation time.
Effects of using high xylose concentrations and different volumes of the growth medium
Since xylitol formation in yeasts is most sensitive to substrate concentration and aeration rate, the effect of the initial xylose concentration was further investigated by testing concentrations higher than 30 to 200 gl -1 in combination with the effect of using different aeration rates.
Maximum xylitol production (36.25 g/l) was achieved after 72 h by using 50 gl -1 of xylose and 40 ml of growth medium, while maximum xylose to xylitol conversion ratio (98%) was achieved after 96 h by using 25 gl -1 (Table 8) .
On considering the average effects and the analysis of variances (ANOVA) of the independent variables (initial volume, xylose concentration and incubation time), each of them showed a "P" value of less than 0.0004 indicating a highly significant response towards the xylitol produc-tion. Also, the average effects of the different factors interactions, all have a "P" values less than 0.0001 indicating a highly significant responses towards the xylitol production (Table 9) .
Small change in oxygen availability induce changes in yeast metabolism and consequently in xylitol excretion (Martinez et al., 2000) , this influence is likely to be related to the generation of co-factors essential for the activity of xylose reductase and xylitol dehydrogenase as well as for ATP production during oxidative phosphorylation. Generally, by increasing the volume of the growth medium, the xylitol content was increased (Table 10) , with a significant difference on using 40 ml against 30 ml, while a non significant difference was found by using 30 ml against 20 ml. In related studies, Nolleau et al. (1993) and Winkelhausen et al. (1996) reported that reduced aeration levels favored xylitol over ethanol production by C. boidinii, C. guilliermondii and C. parapsilosis. The maximum xylitol production was obtained by using 50 gl -1 followed by 75 and 25 gl -1
, with a significant difference between the obtained results (Table 10) . Rosa et al. (1998) investigated the effect of initial xylose concentration on C. guilliermondii FTI20037 and found that, xylose concentration of 15 to 60 gl -1 was the best for the production of xylitol. The correlation between xylitol accumulation and xylose concentrations may be a consequence of an oxygen reduction, resulting from high cell densities of highly concentrated substrates (Silva and Afschar, 1994) .
By studying the effect of increasing xylose concentrations more than 100 g/l (up to 200 g -1 ), the xylitol content values were decreased with no significant difference (Table 10) . Extremely high initial xylose concentrations would be detrimental to the xylitol yield and this could be attributed to the generated osmotic stress, which could be induced in the microorganisms by the excess amount of sugar in the medium (Walther et al., 2001 ). Vongsuvanlert and Tani (1989) observed that, in cultures of C. boidinii there was a significant reduction in the xylitol concentration (from 36 to 18 gl -1 ) when the xylose concentration was increased from 100 to 150 g -1 , a fact probably caused by osmophilic effects or substrate repression of xylose-metabolizing enzymes. In contrast to our results, Gong et al. (1981) noticed that C. tropicalis HXP2 produced more xylitol when the xylose concentration was increased from 5 to 20%. The mean value of the xylitol production was increased significantly by increasing the incubation time from 72 to 96 h (Table 10) . Generally, by increasing the growth medium volume within a xylose concentration ranged from 25 to 100 g -1 , an increase of the xylitol production was recognized (Table 10) . By using xylose concentrations of 50 and 75 g -1 within a growth medium volume ranged from 20 to 40 ml, maximal xylitol production values were achieved.
Mean value of the xylitol production was increased significantly by increasing the incubation time from 72 to 96 h and the volume of growth medium from 20 to 40 ml (Table 10 ). There is no significant difference in the mean values of xylitol production on using different volumes of growth medium at incubation time of 72 h, while after 96 h incubation period, there is a significant difference on using 40 ml growth medium in comparison with 30 and 20 ml (Table 10) .
After incubation times of 72 and 96 h, increasing the xylose concentrations led to a decrease in the xylitol production, with the exception of 25 gl -1 that gives lower xylitol content than that of 50 and 75 gl -1 (Table 10) .
Conclusions
Applying of the statistical factorial design experiments leads to improving the tolerance of the C. tropicalis yeast to the high xylose concentrations with enhanced xylose to xylitol conversion ratios. Maintaining the pH value at 5.5 by using citrate buffer leads to a raise in the xylose to xylitol conversion ratio from 57.2 to 93.75% by using 50 gl -1 of xylose. Further enhancement (98%) could be achieved by decreasing the aeration rate by using 40 ml as a volume of medium and decreasing the xylose concentration to 25 gl -1 .
